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Development and Evaluation of the RZWQM-CROPGRO
Hybrid Model for Soybean Production

L. Ma* G. Hoogenboom, L. R. Ahuja, D. C. Nielsen, and J. C. Ascough I1

ABSTRACT

it is common for agricultural system modelers to enhance their
models by learning from other models and incorporating the best
state-of-the-science into their models. In this study, the CROPGRO
plant growth model of Decision Support System for Agrotechnology
Transfer (DSSAT v3.5) was linked to the Root Zone Water Quality
Model (RZWOQM) to provide RZWQM users an option of using
CROPGRO. In the hybrid model, RZWQM supplied CROPGRO
with daily soil water and N, svil temperature, and potential evapotranspi-
ration (PET), whereas CROPGRO supplied RZWQM with daily water
and N uptake and plant growth variables. The RZWQM-C ROPGRO
hybrid model was then evaluated against the original CROPGRO-
soybean model using several data sets from the literatare. These data
sets represented various drought conditions. Results showed that the
RZWQOM-CROPGRO hybrid model simulated higher water stress
thun the original DSSAT-CROPGRO model because of higher PET
simulated by RZWQM, especially under semiarid climate conditions.
Therefore, it was necessary to make some adjustments in the hybrid
model under dry and windy conditions, e.g., using a different lower
linit of plant available water as DSSAT. The hybrid model with a2
more detailed soil water balance calculation only affected soil water
prediction at the top 60-cm soil profile where soil water was more
dynamic. This study demonstrated a successful linkage between
RZWOQM and CROPGRO, and the RZWQM-CROPGRO hybrid
model provides users with a tool to conduct detailed simulation of
erop production in addition to addressing water guality concerns. This
study also demonstrated that, when building models from various
sources, compatibility of the interacting modules should be ensured.

ARICUI,TUR/\L SYSTEM MODELS have untapped poten-
tial to help agricultural research and technology
transfer in the 21st century (Ahuja et al., 2002a). Exam-
ples of these models are GLYCIM (Timlin et al.. 2002),
GOSSYM (Reddy et al., 2(2), CERES and CROPGRO
(Tsuji et al., 2002), APSIM (McCown et al, 2002), and
RZWOM and GPFARM (Ahuja et al., 2002b). In recent
years, agricultural system models have shifted from be-
ing mainly research oriented to tools for guiding re-
source management and policy-making. The linkage of
these models to geographic information systems (G1S)
and decision support systems has added new dimensions
to model applications (Hartkamp et al.. 1999; Ahuja et
al., 2002a). The more recent development of Window-
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based user interfaces makes model application much cas-
ier (Georgiev and Hoogenboom, 1999: Rojas et al., 2000).

Although models are a synthesis and quantification
of governing processes (e.g., biological, physical, and
chemical} in an agricultural system based on current
theoretical and experimental knowledge, process details
of the models vary widely depending on the objectives
and timeframe of the model developers (Ma and Shaf-
fer, 2001; McGechan and Wu, 2001). Many agricultural
system models use components from other existing
models to save development time. For example, the
original soybean [Glycine max (L.) Merr.] crop growth
model, SOYGRO, developed at the University of Flor-
ida, used the soi} water and N balance component from
the CERES-maize model (Hoogenboom et al., 1992)
and was released as part of DSSAT v3.5 (Tsuji et al.,
1994; Ritchic, 1998; Boote et al., 1998; Hoogenboom et
al., 1999). Recently, the soil organic C and N module
from the CENTURY model was linked to the DSSAT
package (Gijsman ct al., 2002; Jones et al., 2003). Ma
et al. (2005) demonstrated a successful linkage between
RZWOM and the CERES-maize crop growth model of
DSSAT 3.5.

In this study, we further developed a linkage between
the USDA-ARS RZWOM (Ahuja et al, 2000) and
CROPGRO model of DSSAT v3.5 (Hoogenboom et
al., 1999; Tsuji ct al., 1994) to capturc years of plant
growth modeling experience of the DSSAT developers
in RZWOM. Although the generic plant growth module
in RZWQM is adequate for simulating corn (Zea mays
L.). soybean, and winter wheat (Triticum aestivum 1..)
under certain conditions (Ma et al., 2002, 2003; Niclsen
et al.. 2002: Sasecndran ct al., 2004), RZWOM cannot
simulate yield components and is weak in phenology
simulation. Thus, it is of great interest for RZWOQM
users to have an option to use the CROPGRO plant
growth model. The objectives of this study were to de-
velop and evaluate the RZWQM-CROPGRO hybrid
model using well-documented data sets and to identify
areas und conditions where a hybrid model may not
work and special attention should be paid. Our purpose
was to demonstrate the potential in linking the “strong™
modeling components of two completely ditferent mod-
eling systems to improve the applicability of both models.

THE RZWQM-CROPGRO HYBRID MODEL

In the RZWOM-CROPGRO hiybrid model, we kept
the integrity of CROPGRO as much as possible so that

Abbreviations: AET, actual evapatranspiration; DSSAT. Decision
Support System for Agrotechnology Transfer: DUL. drained upper
limit: LAL leaf area index: L1, soit lower Himit of plant available water:
L5, 1300 kPa soil water content; PET. potential evapotranspiration:
RMSL. root mean square error; RZWOM, Root Zone Water Quality
Model; SRGF. reot growth distribution factor.
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Fig. 1. Windows interface for users to import or input eultivar coefficients in RZWQM-CROPGRO.

ues. We paired the absolute differences (distances) between
simulated and measured values from both models.

‘ Table [ lists the soil properties used in DSSAT-CROPGRO
for all the data sets by their respective authors, along with

: e ]
i iy s e the SRGF factors, and Table 2 lists the cultivar coefficients,
5 it i o 4 % -
¥ acker 0.1 {;MM 132 Py B T For the Gainesville, FL study, the parameters were from
= ey .51 L P : = DSSAT vi5 (Tslfji et al, 1994 Hoogenboom et al.. 1999).
T NI i Potssam Bouting ¥ o For the Akron, CO study, the parameters were from Ma ot
, (2 A hileal | Dusste il Bownes T & , al. (2002) and Niclsen et al. (2002); however, we found that
Sutpa Corbat . B FeiTly : the DUL and LL values were too low in their papers when
; D;’m Gromth Facie A they were calealated from soil texture based on equations
Fiax s Evporsrant code : Bron § .l described in Ritchie et al. (1999). Therefore, we recalibrated
. i ;’;3 | the DSSAT-CROPGRO model based on field-measured
| » 517 f DUL valucs and ficld-measured driest soil moisture contents
oo 2 g:: i during crop growing scasons for the Akron study (Table 1).
Casate wisies it 2 b Since soybean is a N tixer, simulation resuits are not affected
| Comete Bisogess Fie 2 35 by so1l N status. Therefore, our evaluation efforts were focused
Creste Minecad Hckrerts File "’: b on soil water and soybean production. The models were run
Create Dvesien/Pess Fie: : from | January of cach year.
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Dototed Output Fiequercy ors) 11 ; RESULTS AND DISCUSSION
DBSSAT Troatnant Humbey g . i .
IF A2 : ; The Gainesville, Florida Study
Fig. 2. Windows interface for users to input simulation controls needed Soil propertics and cultivar coefficients are histed in Ta-

for CROPGRO, bles T and 2 and were used for the RZWOM-CROPGRO
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Fig. 3. Simulated potential evapotranspiration (PET) using RZWQM-
CROPGRO and DSSAT-CROPGRO with examples from Gaines-
ville, FL (above) and Akron, CO (below).

CROPGRO. However, since RZWOM-CROPGRO
simulated shightly higher water stress than DSSAT-
CROPGRO, some modifications to the soil properties
in the RZWOM-CROPGRO hybrid model might im-
prove simulation results as discussed later. Nonetheless,
the hybrid model performed satisfactorily.

The Akron, Colorado Study

The DSSAT-CROPGRO model was recalibrated for
the Akron study because of the lower DUL used by
Ma et al. (2002) and Nielsen et al. (2002). Here we
assumed that DUL was the wetlest measured soil mois-
ture in the field (Probert et al., 1998). However, when
we used the measured driest soil moisture contents as
LL as suggested by Probert et al. (1998). we found that
DSSAT-CROPGRO simulated too high plant extract-
able water in the soil profile, and no yield response to
irrigation treatments was simulated. Therefore, we used
the measured driest soil moisture content in the fop
30-cm soil layer (0.14 em® cm ™'y as LL throughout the
profile. Calibrated plant cultivar parameters are listed
in Table 2.
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Fig. 4. Simulated actual evapotranspiration (AET) using RZWQM-
CROPGRO and DSSAT-CROPGRQO with examples from Gaines-
ville, FL. {above) and Akron, CO (below).

In general, the recalibrated DSSAT-CROPGRO model
provided better simulation of sotl water contents (Fig. 7)
than reported by Nielsen et al. (2002) for the top 60-cm
sotl profile and captured the initial high soil water con-
tents observed in lower soil layers (90-180 cm) although
the new soil parameters did not improve overall RMSE
for soil water content simulation (e.g.. 0.040 vs. 0.027
cm® cm *in Nielsen et al., 2002). The decrease in soil
water content in lower soil layers (120180 cm) could
not be attributed to plant water uptake because of very
small amount of root (or no root) in these layers but
due to soil water redistribution as discussed later. The
recalibruted DSSAT-CROPGRO model also provided
better simulation of grain yield (Table 4) than using
DUL estimated from soil texture, with RMSE of 125
kg ha ' compared with 160 kg ha ' in Nielsen et al
(2002). The model also simulated LAT and aboveground
biomass well (Fig. 8), with RMSEs of 0.67 e’ em ¥ and
901 kg ha * compared with .83 em® em * and Y08 kg
ha ! ()htamcd by Nielsen et al. (2002). In calibrating
DSSAT-CROPGRO, we also changed the SCS (Soil
Conservation Service) runoff curve number so that no
runoff was simulated. Nielsen et al. (2002) stmulated a
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Table 3. Simulated soybean productions using DSSAT-CROPGRO and RZWQM-CROPGRO models for the Gainesville, FL study.

Percentage of Percentage of

DSSAT- RZIWQM- stnulation ervor sirpulation error
Treatment Variables Measured CROPGRO CROPGRO for DSSAT for RZWOM
1978-1, 155 mm irrigation pod yield (kg ha ') 4009 3734 3723 ~6.80 ~T.13
seed yield (kg ha ') 341 2841 2795 6.58 8.09
seed number (no. m %) 2223 1991 23128 - 10.44 -~ 4.41
maximum LA (eny’ cm ) 4.07 4.9 5.40 4.93 16.92
harvested biomass (kg ha ') 668 3778 5932 ~ 4,78 ~2.24
1978-2, no irrigation pud vield (kg ha '} 1602 1485 1713 7.3 6.93
seed yield (kg ba '} 1178 1120 1262 0 - 4.92 7.13
secd number (no. m ') 969 833 1017 - 14.04 4.95
maximum LAT (em® em 3 1.50 4.88 s.15 8.44 14.44
harvested biomass (kg ha ') 3491 3153 3485 ~9.68 -0.17
1979-1, 85 mun irrigation pod yield (kg ha ") 3734 3742 3886 6.21 447
seed yield (kg ha ) 2891 2964 3076 242 6.40
seed namber (no. m %) 1765 1950 2030 10.48 15.01
maximum LA (¢cm® em ) 4.7 541 5.32 1486 17.20
harvested hiomass (kg ha ') 5781 6147 6368 6.33 .15
1979-2, no irrigation pod vield (kg ha ") 3755 3706 3484 ~1.30 ~TA2
seed yield (kg ha ) 2883 2932 2756 170 - 4.41
seed number (nRo. m °) 1827 1930 1797 5.64 - 1.64
maximum LA (e em 1) 4.36 5.04 3.69 15.60 1837
harvested biomass (kg ha ) 5534 5789 4957 4.61 - 10.43
1981-1, 237 tmum full irrigation pod yield (kg ha ') 4526 4627 4497 223 .04
seed vield (kg ha ') 3502 3650 3496 4.23 —6.17
seed number {(no. m %) 2374 2266 2344 4.55 - 1L.26
maximum LAT {em? em ™) 6.25 5.60 563 0 - 10.40 ~9.92
harvested biomass (kg ha ') 6851 6720 6478 ~1.91 - 5.44
1981-2, 155 mm irrigation with pod yield (kg ha ) 4403 4280 3765 -2.19 —14.49
vegetative stress seed yield (kg ha ") 3358 3357 2850 0.06 —13.86
seed number (no. m ) 2195 2065 2065 ~5.92 -592
maximum LAI {cm’ em B 4.48 3.94 3.81 -12.08 - 14.96
harvested biomass (kg ha /) 6109 5747 5161 ~5.93 —-15.52
1981-3, 199 mm irrigation with pod yield (kg ha ") 3690 4219 4007 14.34 8.59
reproductive stresy seed yield (kg ha ) 2738 3264 3005 19.21 9.75
seed number (no. m %) 2119 2264 2344 6.84 10.62
maximum LAI {co! em ) 6.25 5.60 5.63 - 10.40 -9.92
harvested biomass (kg ha ) 5881 6217 5978 5.71 1.65

+ LA, leaf area index.

Table 4. Simulated soybean seed yield using DSSAT-CROPGRO and RZW(QM-CROPGRO models for the Akron, CO study.

RZWOM-CROPGRO (1Lt from DSSAT)

DSSAT-CROPGRO

Measured wind speed

100 km/d wind speed With medified LL

Meusured Percentage Percentage Percentage Percentage
Treatment { =standard error) Value error Value error Value error Value error
kg ha ! kg ha ! % kg ha '’ Yo kg ha ' Yo kg ha ' %

LS1985-1 1287 (£52) 1259 ~2.18 963 -~ 2517 1486 15.46 1385 7.61
1.S1985-2 1646 (= 149) 1464 - 11.06 1058 —35.72 1727 492 1545 ~6.14
LS1985-3 2364 (=115) 2407 1.60 1450 ~38.79 2338 -1.31 2036 ~14.06
1.S1985-4 2678 (+Y) 2764 3.21 1701 - 36.48 2514 - 6.12 2384 10.98
1.51986-1 595 (=47 554 - 6.89 411 ~30.92 646 8.57 764 28.40
LS1986-2 967 (£ 115) 783 - 19.03 535 - 44.67 882 - 8.79 923 ~4.5%
LS1986-3 1534 (=426} 78 11.41 7 ~49.35 1560 1.69 1478 - 3.65
L.81986-4 2135 (L 516) 2266 6.14 1172 4311 2345 9.84 2171 1.69

t LL, soil lower limit of plant available water.

(Table 4). Average cumulated AET was 410 mm during
the growing scasons (Fig. 4). Although the simulated
lower PET reduced water stress considerably (Fig. 5)
and improved yield simulation (Table 4), simulations of
LAI and aboveground biomass were considerably lower
than field observations (Fig. 8). Therefore. some adjust-
ments were needed to account for the simulated higher
PET in RZWOM-CROPGRO model for the Akron,
CO study.

To improve simulation results using RZWOQM-
CROPGRQO hybrid model with the simulated higher
PET from the Shuttleworth-Wallace method, we evalu-
ated the possibility of using a different LL. The reason
was that, in RZWOM-CROPGRO, LL was used both
as the lower limit of plant available water and as the
soil water content at 1500 kPa. The latter determined

soil water movement in the soil. Theoretically, the LL
and the LL.15 should be treated differently because
LL15 is a soil property and LL is determined by both
soil and plant properties. To demonstrate the etfect of
LL on RZWOM-CROPGRO simulations, we used the
field-measured driest soil moisture contents as LL for
all the sol layers except the top 30 cm (Table ). The
I.I. for the top 30 cm soil layer was calibrated to 0.18
ent* om Lo improve soil water simulations n that layer
(Fig. 7). The lower LLs for subsurface soil layers in-
creased available soil water in the soil profile (Fig. 6)
and improved yield prediction (Table 4). No significant
differences in simulated yields were found between
DSSAT-CROPGRO and RZWOM-CROPGRO with
the new LLs (p = 0.635). Slight improvement was ob-
served i LAL and aboveground biomass simulations
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Fig. 8. Predicted and meusured leaf area index (LA and aboveground biomass for the Akron, CO study by RZWOM-CROPGRO and
DSSAT-CROPGRO.

mental data sets from Akron, CO and Gainesville, FL
under different weather, soil, and management condi-
tions. All the experiments included some type of trriga-
tion management. Both models were compared for sim-
ulations of sotl water content, LAL final grain vield,

aboveground biomass. pod vicld, and seed number at
harvest maturity. Under the humid Florida weather con-
ditions, the RZWOM-CROPGRO model provided a
similar prediction of soybean growth using the cultivar
parameters derived from DSSAT-CROPGRO. How-
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